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We discuss the process p + p — > hi + hi + X, where the identified hadrons hi and 
/12 have large transverse momenta and are produced in high-energy proton-proton 
collisions with a large rapidity gap between them. In this case the (calculable) hard 
part of the reaction receives large higher order corrections ~ a" In™ Ay, which can be 
accounted for in the BFKL approach. Specifically, we describe in the next-to-leading 
order the calculation of the vertex (impact-factor) for the inclusive production of 
the identified hadron. 

1 Introduction 

The process under consideration is 

proton(pi) + proton(j?2) hadroni(fci) + hadron (fe) + X . 
Introducing the Sudakov decomposition for the momentum of each identified hadron, 

P 

kh = a h pi H —p 2 + k h x , kf l± = -k\ , s= 2p x ■ p 2 , 

a h s 

we assume that hadrons' transverse momenta are large, k 2 ~ fc 2 2 3> Aq CD , so that 
perturbative QCD is applicable. Moreover, we consider the high-energy limit s = 2pi ■ 
Pi 3> fc 12l which opens the way to the BFKL [Tj resummation. 
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Figure 1: Diagrammatic representation of the forward quark (left) and gluon (right) 
impact factor. 



(JAB 



Let us briefly remind the basics of the BFKL approach. In the Regge limit (s — > oo, 
t not growing with s), the total cross section A + B — » X can be written as (see, for 
instance, [2]) 

1 fd D ~ 2 qi fd 2 q2 f du> ( s \ w 

(5— zoo 

This factorization is valid both in the leading logarithmic approximation (LLA), which 
means resummation of all terms (a s Ins)™, and in the next-to-LLA (NLA), which means 
rcsummation of all terms a s (a B In s) n . The Green's function Gu, is process- independent 
and is determined through the BFKL equation in D = 4 + 2e dimensions, 

rD-2fx ~\ , / jD-2 



w Gc®, = ^ (9i - 92) + / d u - A qK(q x ,q) G u {q, q x ) , 

whose kernel is known in the NLA both for forward scattering (i.e. for t = and color 
singlet in the t-channel) [3] and for any fixed (not growing with energy) momentum 
transfer t and any possible two-gluon color state in the t-channel [1] . As for the process- 
dependent impact factors (IFs) $a,b> only very few have been calculated in the NLA. 

The starting point for the calculation in the NLA of the IF relevant for the process 
under consideration is provided by the IFs for colliding partons [5] (see Fig. [1J. We 
observe that for the LLA IF, there can be only a one-particle intermediate state, whereas 
for the NLA IF, we can have virtual corrections to the one-particle intermediate state, 
but also real particle production, with a two-particle intermediate state. 

Here are the steps of the calculation: 

i) "open" one of the integrations over the phase space of the intermediate state to 
allow one parton to fragment into a given hadron (see Fig. 

ii) use QCD collinear factorization, 

^2 fa® (quark vertex) ® D h a + f g ® (gluon vertex) <g> D h g , 
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Figure 2: Diagrammatic representation of the vertex for the identified hadron production 
for the case of incoming quark (left) or gluon (right). 





Figure 3: Diagrammatic representation of the LLA vertex for the case of incoming quark 
(left) and gluon (right). 



hi) project onto the eigenfunctions of the LLA BFKL kernel {{v, n)-representation) , 



$(i/, n) = / d q—± 



Mo) i 



1 



q-l ) , j = iv- - , 1=0 



q 2 ' 

which is convenient for the numerical convolution with BFKL Green's function 



2 The impact factor in the LLA 

The starting point is given by the "inclusive" LLA parton IFs: 



®q = 9 



2 Vn 2 ~T x c a 



N 2 - 1 



Here the step i) means simply to introduce a delta function (see Fig. [3]). Then, QCD 
collinear factorization leads to 



d$ h 



q 2 k 2 J • 



d 2+2e k f dx 



t) 
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3 The impact factor in the NLA 

Collincar singularities in NLA are to be removed by PDFs' and FFs' renormalization: 
f q (x) = f q (x,» F ) - % (i + ln&) / f [P qq {z)f q {%» F ) + P q9 {z)f g {%HF)] 
f g (x) = f g {x,» F ) -%n+ln&)ff [P gq (z)f q {£,n F ) + P gg {z)f g {z,n F )] , 
D h q {x) = D*{x,n F ) -^U+ln&)ff [D^,u F )P qq (z) + £>£(§, » F )P gq {z)] 

X 

D h g (x) =D h g {x^ F ) - (i +ln^) )f [D*(£,v F )P gg {z) + D*(£,» F )P gg (z))\ , 

X 

where P{j are the Altarelli-Parisi splitting functions and i = i + 7_e — ln(47r) w Tp^yr- 
This leads to the following collincar counterterms: 



7rv^fc 2 d* fc (i/,n)|coU. 



c.t. 



1 1 

,2 



$ 9 da h d 2 + 2f k 

(i +z -^) Pqq{z) y: fa{ x)D h a (^) + (^ + z-Ap gq {z) y: 

a—q,q \ F / a—q,q 



\ ' n.—n n 



Oh 

xz 



a=q,q 

The other counterterm comes from the QCD coupling renormalization and reads 

7lV2fc 2 ri$(^n) | charge c.t. = / 1 ^ m|\ / HCa _ «f\ 

* / t (t) + e (t )) ( p r o" ■ 

In the following we will use the following abbreviation ^v^fc d$ ttt^ = I- 
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Figure 4: Diagrammatic representation of the NLA vertex for the case of incoming quark: 
real corrections from quark-gluon intermediate state, cases of gluon fragmentation (left) 
and quark fragmentation (right). 



3.1 Quark-initiated subprocess 

We have first of all the virtual corrections to the one-particle intermediate state: 

l 

2,.- (4,tV ' FCI - 2r) / .,• 



% = _^ni_ilil^i±4 / d _i y fa[x)D n (m,) (pV +e ~ f (k-iY 

q 2ir (47r) e er(l + 2e)7 x ^ Jay ' a \ x J\ J V J 



ah 



a=q,q 



x <j C F ( - - 3 ) - + C A I In + ^ I S> + finite terms 



fc 2 6 

Then, we have to consider the "real" corrections from the quark-gluon intermediate 
state. The starting point is the "inclusive" quark IF, 

where /3i : 2 and fci.2 are the relative longitudinal and transverse momenta of the gluon 
(quark) and /9i + = 1, k\ + k% = q. 

For gluon fragmentation (see Fig. @] left), the "parent" parton variables are k = ki, 
( = fi\ and the contribution reads 

Iq,9 = It7 7 UkV I it I If J2a=q.q fa( X )Dg ( ff ) 2 ) ' M 

xP OT (C) 



finite terms 



For quark fragmentation (see Fig. fright), the "parent" parton variables are k = &2, 
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£ = fa ■ The contribution proportional to Cf reads 



x {C F (f - 3) (5(1 - C) + PqqiO (l + <T 27 ) + finite terms} , 
while the contribution proportional to Ca reads 

a h EUk. \ / \ / \ J 

X C A 6(1 - C) In §§■ + finite terms . 
3.2 Gluon-initiated subprocess 

The virtual corrections to the one-particle intermediate state are 

a s r[l-e]ir 2 (l + e) f dx , ( a h \ ( 7 2 \ T+e-f (t r yC A 
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x { [ In 4r- + — — ) + -tt 1 + finite terms . 



k 2 e 6 / 3 

For the "real" corrections from quark-antiquark intermediate state, the starting point 
is the corresponding contribution to the "inclusive" gluon IF (Tr = 1/2), 

where flip and fci^ are the relative longitudinal and transverse momenta of the quark 
(antiquark) and pi + fa — 1 , kx + tt2 = q. 

For quark (or antiquark) fragmentation (see Fig.[S]left) the "parent" parton variables 
are k = ki, £ = fix and the contribution reads 



jR _ a s 1 T[l-e] f dx f <K f (~\ T)h ( »h\ 

1 9,q ~ 2tt e (4ir) e J a; J C, J 9^ ) 2~ia=q,q 1J a. \ x £ \ 



finite terms 
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Figure 5: Diagrammatic representation of the NLA vertex for the case of incoming gluon: 
real corrections from quark- ant iquark intermediate state, case of quark fragmentation 
(left) and from two-gluon intermediate state, case of gluon fragmentation (right). 



For "real" corrections from the two-gluon intermediate state, the starting point is the 
corresponding contribution to the "inclusive" gluon IF, 



(2tt) 3 



\k?k% ^(Mi-feA) 2 A: 2 2 (fc 2 /3 1 -fc 1 /3 2 )2j 

where flip, and k\^ are the relative longitudinal and transverse momenta of the two 
gluons and Pi + 02 — 1, ki + k% = q. We can have only gluon fragmentation to be 
counted with a factor of 2 (see Fig. [5] right). The result is 

T R _ a 3 i r[H r 2 (i+ e ) } dx } dc f , 1D ft f aA (r 2 \' + ^^ (t f\ n Qa 

1 g-g - 2tt £ (4tt)« r(l+2e) J x J i J9\ X l U g \ x( { K \ J C F 

a h SLK \ / \ / \ / 

x { p 99 (0 (1 + C 2 ' ( ) + <5(1 - C) [Ca ( ln f + 7 ~ t) + ^] } + finitc terms ■ 



4 Final result and discussion 



One can verify that all UV and IF divergences cancel, leading to 

l 



a=q,q 



"I f dx ( X 

x \ah 

Ka h 

1 1 



2l 



a s (fx R ) f dx f <K f xC x 2 



2tt 



x 
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^ * a—q,q ^ ^ 

/a(*)^ (^) C qg (X,0 + ^f g (x) J] fe) C M (X,C) 



a— g,g v 7 a—q,q v ' 

The explicit form of the coefficient functions will be given elsewhere [7] . 

To summarize, we have discussed the NLA calculation of the IF the forward produc- 
tion of an identified hadron from an incoming quark or gluon, emitted by a proton. This 
is a necessary ingredient for the hard inclusive production of a pair of rapidity-separated 
identified hadrons at LHC. We have given our result in the (y, ^-representation, which 
is the most convenient for the numerical determination of the cross section [6]. We 
have shown that soft and virtual infrared divergences cancel each other, whereas the IR 
collinear ones are compensated by the PDFs' and FFs' renormalization counterterms, 
the remaining UV divergences being taken care of by the QCD coupling renormalization. 
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